At temperatures between 45 and 50 C, staphylococcal acid phosphatase purified 44-fold had maximal activity at pH 5.2 to 5.3. However, the enzyme was most stable in the alkaline range (pH 8.5 to 9.5) at temperatures below 50 C. Iodoacetate and ethylenediamine-tetraacetic acid were effective inhibitors, whereas mercaptoethanol and Cu2+ acted as stimulators. The energy of activation for hydrolytic cleavage of the synthetic substrate, p-nitrophenyl phosphate, was 19.5 Kcal/mole. Km for the same substrate was 4.5 X 10-4 M. The purified enzyme was most active against the substrates p-nitrophenyl phosphate and glyceraldehyde 3-phosphate.
Staphylococcal phosphatase, which has sometimes been regarded a virulence factor for the organism (1, 6, 8, 13) , has recently been purified (16) . Barnes and Morris (2) have partially characterized staphylococcal acid phosphatase present in a cell suspension. They found the enzyme maximally active at pH 5.6 and slightly inhibited by inorganic phosphate.
The acid phosphatase of Escherichia coli has been studied in considerable detail (5, 11, 12, 18, 19, 23) . This phosphatase can be released from the cells by an osmotic shock procedure (18, 19) and is presumed to be located near the surface of the cell. In fact, Dvorak et al. (5) caused the release of three separate E. coli acid phosphatase fractions by this same procedure. They successfully purified the acid hexose phosphatase 124-fold, but a nonspecific acid phosphatase resisted all purification attempts.
In a previous report (15) , we noted that a portion of the total staphylococcal acid phosphatase was found free in the culture medium, but the rest of the enzymatic activity was associated with the cells. Most of this latter activity was eluted from the surface of the cells with 1.0 M KCl under alkaline conditions. This eluted fraction which we called "loosely bound" was then purified 44-fold and partially characterized (16 Effect of different divalent cations on the activity of acid phosphatase. Activity of the enzyme which had been dialyzed against water was determined in the presence of various divalent cations. Final concentration of metal ions (used as the chloride form) in the assay system was 10-M. Controls consisted of assay tubes devoid of metal and those in which the reaction was terminated at zero-time.
Heat stability of the enzyme. Enzyme stability was observed in the presence and absence of Cu++ (I0-3 M). In either case, the enzyme in 10-M tris(hydroxymethyl)aminomethane (tris) hydrochloride (pH 8.5) was heated to the desired temperature, kept at this temperature for 5 min, and quickly cooled in ice water. Treated samples were then assayed at 37 C and pH 5.2. An unheated control permitted calculation of per cent residual activity.
Stability of the enzyme under different conditions. Dialyzed enzyme was stored at 25 C in water, 1.0 M acetic acid, 1.0 N NaOH, and in certain buffer solutions at pH 5.2, 7.5, 8.5, and 9.5. At the end of 1, 3, and 6 days, the samples were assayed for acid phosphatase activity at pH 5.2 and 37 C.
Activity of acid phosphatase against various substrates. Hydrolytic activity of acid phosphatase against various phosphorylated esters was determined at pH 5.2 and 37 C. Final concentration of each substrate (dissolved in water) in the assay tubes was 10 M. Three separate sets of controls were employed. In the first case, enzymatic activity against each substrate was stopped at zero-time by adding trichloroacetic acid. In the second set of controls, substrate was deleted from the assay system; in the third set, enzyme was omitted. A value of 100 was arbitrarily assigned to the activity of acid phosphatase against p-nitrophenyl phosphate; relative enzymatic activity against other substrates was designated accordingly.
RESULTS
Initial velocity of acid phosphatase. Figure 1 Effect of divalent cations on the activity of acid phosphatase. The cations Co2+, Mn2+, Mg2+, Ca2+, Zn2+, and Ba2+ had little or no effect on acid phosphatase activity (Table 2) . Hg2+ and Pb2+, on the other hand, reduced enzymatic activity significantly. Cu2+ accelerated acid phosphatase activity twofold at its given concentration.
Heat stability of the enzyme. In the absence of Cu2+, stability of purified acid phosphatase, under the conditions employed, decreased rapidly between 40 and 70 C. At this latter temperature, the enzyme was completely inactivated (Fig. 3) . With Cu2+, the minimum temperature for complete inactivation was 80 C.
Stability of the enzyme under different conditions. Purified acid phosphatase was completely inactivated in 1.0 M acetic acid and 1.0 N NaOH (Table 3 ). When suspended in water for 6 days, 55% of the initial activity was lost. Although maximal activity was in the acid range (16), the enzyme appeared most stable in moderately alkaline conditions (pH 8.5 and 9.5).
Activity of acid phosphatase with various substrates. Of the substrates tested, acid phosphatase was most active against p-nitrophenyl phosphate (Table 4) . Substantial activity against glyceralde- hyde 3-phosphate, and moderate activity against a-glycerophosphate, fructose 6-phosphate, and phenolphthalein diphosphate were also observed. Acid phosphatase exerted little or no hydrolytic activity against the remaining substrates.
DISCUSSION
Determined from the double-reciprocal plot, Km for the substrate p-nitrophenyl phosphate was 4.5 X 10-1 M (Fig. 1) . Barnes and Morris (2) reported the Km for p-nitrophenyl phosphate was 2.0 x 10-1 M. However, the enzyme preparation used in their studies was a suspension of whole cells.
aFinal concentrations are given in parentheses. Buffer concentration in each case was 0.1 M acetate, pH 5.2.
bExpressed as micromoles of p-nitrophenol per minute at 37 C. b The activities are relative to zero-time. A value of 100 was assigned to the activity of the acid phosphatase which liberated 0.58 pmoles of inorganic phosphate from p-nitrophenyl phosphate in 30 min at 37 C.
As noted by Dixon and Webb (4), the effects of temperature on enzyme reactions are very complex. Discontinuity of the slope of an Arrhenius plot (Fig. 2) suggests irreversible inactivation of staphylococcal acid phosphatase above 48 C. The Arrhenius function A (energy of activation) for the enzyme was 19.5 Kcal/mole. This value is comparable to that for a 3', 5'-cyclic nucleotide phosphodiesterase which was isolated and purified 173-fold from dog heart (17), but differs from that of alkaline phosphatase from E. coli (6.9 Kcal/mole; reference 10).
The divalent cation Cu2+ stimulated the activity of staphylococcal acid phosphatase ( Table  2 ). The activity of nonspecific acid phosphatase of E. coli was stimulated 10% by the combined effect of Mg2+ and Co2+, but was inhibited by Zn2+ and Ca2+ (5); hydrolysis of p-nitrophenyl phosphate by a cyclic phosphodiesterase from the same microorganism was stimulated 60-fold by Co2+. The phosphomonoesterase activity of Bacillus subtilis was stimulated at least threefold by Co2+ and twofold by Ni2+ (21) . On the other hand, alkaline phosphatase of E. coli was inhibited by Cd2+, Co2+, and Cu2+, which displaced the native Zn2+ in this enzyme (20) .
Staphylococcal acid phosphatase probably requires a free sulfhydryl group for maximal activity. lodoacetate, which usually reacts with thiol groups to give alkylated derivatives (4), proved to be the most effective inhibitor (Table 1) ; mercaptoethanol, which usually preserves sulfhydryl groups, had a stimulatory effect. Since EDTA also inhibited enzymatic activity, the enzyme may be more active in the presence of certain metals.
As noted above, acid phosphatase was stimulated twofold by Cu2+. Dvorak et al. (5) noted that activity of nonspecific acid phosphatase of E. coli was reduced by 18% with EDTA; in the case of acid hexose phosphatase no such effect was noted.
Inorganic phosphate also slightly inhibited the activity of staphylococcal acid phosphatase. Barnes and Morris (2) made the same observation and also noted that phosphate ions skewed the pH activity curve towards the acid side.
Instability of an enzyme can be studied by first exposing the enzyme to various temperatures for a definite period of time and then measuring its activity at a temperature where it is stable (4) . Above 40 C, stability of staphylococcal acid phosphatase was lost rapidly (Fig. 3) . Our studies indicate that Cu2+ may not only stimulate enzymatic activity but also may give greater sta-CHARACrERIZATION OF THE ACID PHOSPHATASE bility to the enzyme between 50 and 80 C. On the other hand, Terac and Ukita (22) noted that a purified, bovine pancreatic phosphodiesterase retained its full activity if heated at any temperature below 75 C for 5 min at pH 7.0.
The acid phosphatase purified by Hofsten and Porath (12) from E. coli was unstable in dilute solutions, stable in 1.0 M acetic acid, and denatured by neutral salts. Staphylococcal acid phosphatase was relatively stable in water and 1.0 M KCl, but was inactivated by 1.0 M acetic acid ( Table 3 ). The enzyme was more stable in a slightly alkaline menstruum, although optimal activity occurred at low pH values. However, at both extremes of the pH scale, staphylococcal acid phosphatase was completely inactivated.
Relative activity of the enzyme with the different substrates tested (Table 4) gives little insight into the natural substrate and role of the enzyme in vivo. Acid phosphatase was most reactive against p-nitrophenyl phosphate with significant activity for glyceraldehyde 3-phosphate. The nonspecific acid phosphatase of E. coil was also most active against the same synthetic substrate, but the acid hexose phosphatase was most active against glucose 6-phosphate, glucose 1-phosphate, and galactose 1-phosphate (5). The latter enzyme also had considerable hydrolytic activity on fructose 1, 6-diphosphate. Alkaline phosphatase of E. coli acted more like a general phosphomonoesterase, since the organic moieties of certain phosphoester substrates had little effect on the rate of enzymatic activity (10) . The pattern of substrates hydrolyzed by alkaline phosphatase from Pseudomonas fluorescens was similar to that of compounds hydrolyzed by the same enzyme from E. coli (9) . The natural substrate and the role of staphylococcal acid phosphatase must await further kinetic and other critical characterizations of the enzyme.
